The maintenance of plasma sodium concentration within a narrow limit is crucial to life. When it differs from normal physiological patterns, several mechanisms are activated in order to restore body fluid homeostasis. Such mechanisms may be vegetative and/or behavioral, and several regions of the central nervous system (CNS) are involved in their triggering. Some of these are responsible for sensory pathways that perceive a disturbance of the body fluid homeostasis and transmit information to other regions. These regions, in turn, initiate adequate adjustments in order to restore homeostasis. The main cardiovascular and autonomic responses to a change in plasma sodium concentration are: i) changes in arterial blood pressure and heart rate; ii) changes in sympathetic activity to the renal system in order to ensure adequate renal sodium excretion/absorption, and iii) the secretion of compounds involved in sodium ion homeostasis (ANP, Ang-II, and ADH, for example). Due to their cardiovascular effects, hypertonic saline solutions have been used to promote resuscitation in hemorrhagic patients, thereby increasing survival rates following trauma. In the present review, we expose and discuss the role of several CNS regions involved in body fluid homeostasis and the effects of acute and chronic hyperosmotic challenges.
Introduction
The maintenance of body homeostasis is crucial to life and is directly related to hydromineral balance. The sodium ion (Na + ) is, among all the inorganic ions of the organism, the one most often consumed (through dietary salt, NaCl), and is also the most important determinant of extracellular osmolarity. Variations in plasma sodium concentration cause osmotic flow between the intracellular and extracellular compartments, which can affect all perfused tissues and alter volume, metabolism, and cellular functioning. Left uncontrolled, these osmotic changes can harm the organism and contribute to the development of cardiovascular diseases and their related complications. The central nervous system (CNS) detects variations in the volume, tonicity, and composition of the extracellular compartment through peripheral and central receptors. Once detected, changes in the plasma sodium concentration will trigger a set of responses to re-establish normal physiological conditions. Studies have demonstrated that minimal elevations in plasma osmolarity and reductions in circulating volume (dehydration) are strong stimuli in the development of thirst behavior (Antunes-Rodrigues et al. 2004 , Fitzsimons 1998 . Regarding vegetative adjustments, hypernatremia triggers responses that Vol. 66 modulate the renal excretion of water and sodium. Among these responses, we highlight changes in sympathetic nerve activity , Pedrino et al. 2008 , Shi et al. 2007 , Stocker et al. 2013 ; renal vasodilation (Morita and Vatner 1985 , Pedrino et al. 2005 , Pedrino et al. 2006 ); renin, atrial natriuretic peptide (ANP), and oxytocin secretion (Antunes-Rodrigues et al. 1991 , Antunes-Rodrigues et al. 1992 , Godino et al. 2005 , Haanwinckel et al. 1995 , Huang et al. 2000 , Huang et al. 1995 , Morris and Alexander 1988 , Rauch et al. 1990 ; and natriuresis and diuresis , Bie 1980 , Bourque et al. 1994 , Schoorlemmer et al. 2000 , da Silva et al. 2013 .
Central circuitry involved in hyperosmotic activation
Central osmoreceptors localized in the forebrain lamina terminalis, the organum vasculosum of the lamina terminalis (OVLT), and the subfornical organ (SFO) have been described as participating in the autonomic adjustments activated by acute hyperosmotic challenges (Johnson et al. 1996 , Shi et al. 2007 . OVLT and SFO neurons are known as circumventricular organs (CVOs) because they lack a complete blood-brain barrier (McKinley and Johnson 2004 , Stocker et al. 2013 . These neurons can respond to blood-borne solutes that do not have free access to other regions of the brain (McKinley and Johnson 2004) . In fact, studies have reported that the OVLT and SFO contain neurons that exhibit intrinsic osmosensitivity (Bourque 2008, Ciura and Bourque 2006) .
Experimental evidence has shown that either electrolytic lesion or inhibition of OVLT neurons by muscimol (GABAa receptor agonist) significantly reduced both lumbar and renal sympathoexcitatory responses promoted by the intracarotid infusion of hypertonic NaCl solutions (Shi et al. 2007) . Moreover, Antunes et al. (2006) showed that a transection that disrupts the connections of the circumventricular organs (CVO) attenuated the sympathoexcitation induced by hyperosmotic perfusate in the arterially perfused decorticated in situ rat preparation. Indeed, raising the sodium concentration in the plasma or cerebrospinal fluid increases Fos expression, a marker of neuronal activation in the OVLT (Shi et al. 2008) . Furthermore, SFO neurons contribute to the hypertension induced by chronic Ang II administration in rats on a high-salt diet (Ang II-salt model) (Osborn et al. 2014) . In addition to initiating autonomic adjustments in response to hypernatremia, SFO and OVLT also participate in triggering behavioral adjustments to hyperosmotic stimuli. Furthermore, combined electrolytic lesions of the OVLT and SFO attenuate the drinking of water induced by plasma hypernatremia (McKinley et al. 1992) . These findings emphasize the role of the osmosensitive neurons of the lamina terminalis in the sympatoexcitatory and behavioral responses to hyperosmotic challenges.
Lamina terminalis neurons do not project directly onto sympathetic preganglionic neurons. Cerebrospinal fluid hypernatremia, capable of increasing renal sympathetic nerve activity (RSNA) and blood pressure, also induces increased Fos expression in OVLT neurons with axonal projections to the paraventricular nucleus of the hypothalamus (PVN) (Shi et al. 2008) . OVLT and SFO osmosensitive neurons are responsible for triggering sympathetic reflex adjustments to hyperosmolality mainly through a descending pathway to PVN (McKinley et al. 1992 , Shi et al. 2008 , Swanson and Sawchenko 1983 . In turn, PVN neurons activate downstream sympathetic regulatory targets, including both presympathetic neurons localized in the rostral ventrolateral medulla (RVLM) (Brooks et al. 2004 ) and sympathetic preganglionic neurons of the spinal cord (Badoer and de Matteo 2003) .
The area postrema (AP) is another region known to participate in central osmosensory mechanisms. A study by Carlson et al. (1997) demonstrated that intragastric hyperosmolarity activates several regions of the CNS, such as the supraoptic nucleus (SON), PVN, the nucleus of the solitary tract (NTS), AP, and lateral parabrachial nucleus (LPBN), and that such activation is mediated by peripheral osmoreceptors throughout the splanchnic and vagal afferent projections. Following these observations, Carlson et al. (1998) demonstrated that PVN responses to intragastric hyperosmolarity are dependent on the connections with the AP, whereas the responses of other regions (NTS, SON, and LPBN) are independent of AP integrity. The authors have suggested, therefore, that peripheral osmosensitive projections to both the NTS and AP modulate the activity of the SON and PVN. Moreover, both nuclei are necessary for a complete response; however, the NTS -but not the AP -may control hypothalamic function through projections to the LPBN.
Acute hyperosmotic challenges
In the past, the effects of acute changes in body fluid osmolality through hypertonic NaCl infusion have been studied and are well established. Weiss et al. (1996) showed that an intravenous infusion of hypertonic saline (HS) (2.5 M NaCl) produces a transient increase in arterial blood pressure (ABP) and that this response is related to increases in lumbar sympathetic activity. By contrast, the authors reported that HS infusion is able to induce long-lasting renal vasodilation and decreases in RSNA.
Renal vasodilation is a significant factor in the regulation of water and sodium excretion, and it is one of the variables adjusted in response to acute variations in the osmolality of extracellular fluid (Pedrino et al. 2008) . The mechanisms involved in the genesis and maintenance of renal vasodilation induced by increases in osmolality are complex and appear to involve neural and hormonal mechanisms (Amaral et al. 2014 , Burnett et al. 1984 , Haanwinckel et al. 1995 , Huang et al. 1995 , Shen et al. 1991 , Wakitani et al. 1985 . Regarding the neural mechanisms, studies have related reductions in RSNA to renal vasodilation and consequent natriuresis (Pedrino et al. 2008 , Pedrino et al. 2012 , da Silva et al. 2013 , Weiss et al. 1996 , showing that HS infusion causes a sustained increase in ABP and renal vascular conductance (RVC) but no changes in mesenteric or hindquarter vascular conductance. These findings indicate that vasodilation induced by HS infusion is specific to the renal vascular region.
Central areas and peripheral afferents known to contribute to body fluid homeostasis and cardiovascular regulation (Silva et al. 2013 , Pedrino et al. 2005 have been described by their involvement in renal vasodilation and by their sympathoinhibition to acute hypernatremia.
Acute/chronic electrolytic lesions of the lamina terminalis region eliminated HS-induced renal vasodilation (Pedrino et al. 2005) . The chemical lesion of noradrenergic neurons located in the caudal ventrolateral medulla (CVLM; A1) and NTS (A2) prevented renal sympathoinhibition induced by intravenous HS infusion (Pedrino et al. 2012 , Pedrino et al. 2008 . More recently, we have shown that sinoaortic denervation (SAD) abolished renal vasodilation and sympathoinhibition induced by acute hypernatremia (Silva et al. 2015) . These findings suggest the involvement of central regions and peripheral receptors in the renal hemodynamic and autonomic adjustments induced by acute NaCl overload.
In opposition to these results, experimental investigations have also demonstrated that hyperosmotic stimulation increases SNA in other regions (Shi et al. 2007) . Specifically, acute intravascular infusion of hypertonic NaCl increases splanchnic SNA (Holbein and Toney 2015) . These changes in the sympathetic outflow generated by sodium overload have been described as altering cardiovascular functions and appear to serve an important homeostatic role. Furthermore, such SNA increases in several regions (excepting the renal region) seem to contribute to the increased BP observed after an acute osmotic challenge.
Hypertonic solutions and hemorrhagic shock
Hemorrhagic shock is defined as the decrease of ABP due to drastic blood loss. Such pathology is characterized by tissue hypoperfusion leading to decreases in nutrients and oxygen supply to the body's tissues (Krausz 2006) . Hemorrhagic shock can promote a series of disturbances in the physiological state, leading to multiple organ failure and causing high levels of mortality (Angele et al. 2008 , Xu et al. 2013 .
It has been shown that trauma is currently the main cause of death among younger people (under 40 years old), and several studies have demonstrated that approximately 40 % of such deaths result from uncontrolled blood loss (Curry and Davis 2012). Therefore, treating hemorrhagic shock and promoting the cardiovascular recovery of hypovolemic patients are crucial to prevent death. Thus, the use of fluid resuscitation in patients in hemorrhagic shock has been studied in the past to determine its cardiovascular effects and therapeutic potential. Among several types of solutions used in hypovolemic patients, such as blood substitute and colloid, crystalloid, isotonic, and hypertonic solutions, hypertonic saline (HS) has stood out because it combines the cardiovascular benefits of the other solutions even at lower volumes (Tremblay et al. 2001) .
The treatment of hemorrhagic patients using hypertonic solutions has been practiced for more than 85 years. Pioneering studies by Velasco et al. (1980) have shown that the administration of HS (7.5 % NaCl) in dogs submitted to hemorrhagic shock promoted the restoration of blood pressure and cardiac output and resulted in the survival of all the dogs in the study. The control group, which received the same volume of isotonic solution, did not show hemodynamic Vol. 66 improvement or survival. In the same sense, de Felippe et al. (1980) demonstrated hemodynamic improvement in patients with refractory shock in intensive care units following hypertonic saline infusion.
Various studies have sought to determine the cardiovascular effects of intravenous HS infusions on hypovolemic hemorrhage (Lopes et al. 1981 , Rocha-e-Silva et al. 1986 , Younes et al. 1985 . These studies demonstrated that hypertonic saline infusion promoted an instantaneous elevation in mean arterial blood pressure, increased pulse pressure, and re-established cardiac output and mesenteric, renal, and hind-limb circulation.
Although the hemodynamic responses to the infusion of HS in animals subjected to bleeding have already been established, the involvement of the CNS in these responses is still under investigation. Recent studies have linked peripheral afferents to cardiovascular recovery induced by HS. In 2009, de Almeida Costa et al. observed that, in the absence of carotid afferents, cardiovascular recovery induced by HS after hemorrhagic shock is compromised, indicating that such afferents are crucial to HS cardiovascular effects, whereas it is independent of the integrity of baroreceptor afferents. In the same sense, Pedrino et al. (2011) demonstrated the participation of peripheral chemoreceptors in the detection of changes in plasma osmolarity. Such studies have demonstrated that the ligation of the artery responsible for irrigating the carotid corpuscle and its consequent inactivation interferes with the cardiovascular recovery induced by HS in hypovolemic rats. Taken together, such results support the hypothesis that increasing plasma sodium concentration activates several mechanisms that are dependent on peripheral afferents in order to restore physiological conditions in hypovolemic animals. In the absence of chemoreceptor afferents, such reflex mechanisms are compromised, indicating that these afferents play a key role in body fluid homeostasis.
The peripheral chemoreceptor afferents execute their first synapses in the NTS; from such nuclei, the information can be transmitted to various regions of the CNS, particularly to hypothalamic structures such as the lamina terminalis. The lamina terminalis includes structures such as the OVLT, the ventral portion of the median pre-optic nucleus (MnPO), the preoptic periventricular nucleus, and the more medial aspects of the medial preoptic nucleus (Andresen and Kunze 1994 , Bourque 2008 , Cunningham and Sawchenko 1988 , Saphier 1993 , Tanaka et al. 1997 , Tanaka et al. 2002 .
In past years, the lamina terminalis has been the focus of several studies that demonstrated that this region is an important integration center involved in the processing and correcting osmolarity and volume changes of extracellular compartments. Cardiovascular, endocrine, renal, and behavioral responses are recruited following the lamina terminalis's activation in an effort to restore plasma sodium concentration and blood volume. The lamina terminalis establishes reciprocal connections with CNS structures that are known to participate in cardiovascular regulation and hydroelectrolytic balance, such as the vasomotor nuclei of the ventral surface of the medulla, RVLM and CVLM, SFO, and the limbic system (Tanaka et al. 1992 , Tucker et al. 1987 , Zardetto-Smith and Johnson 1995 .
Interestingly, studies have demonstrated that the lamina terminalis is also involved in cardiovascular recovery induced by hyperosmotic solution in rats submitted to hypovolemia. In 1992, Barbosa et al. observed that the integrity of the lamina terminalis is important to HS effects; lamina terminalis-lesioned rats submitted to hemorrhagic shock do not show cardiovascular recovery following HS infusion.
Moreover, a recent study from our laboratory demonstrated that MnPO integrity is crucial to cardiovascular recovery induced by HS infusion following hemorrhagic shock; following the pharmacological blockade of such nuclei, recovery is abolished (Amaral et al. 2014) . Consistent with these results, unpublished observations from our laboratory demonstrate that inhibition of this region impairs the recovery of ABP and RSNA induced by HS in rats submitted to hemorrhagic shock ( Fig. 1 ; Naves and Pedrino unpublished results). Taken together, these results indicate that MnPO integrity is required for the development of cardiovascular and sympathetic responses induced by HS in hypovolemic conditions.
The MnPO is an integrative nucleus corresponding with body fluid homeostasis. Such nuclei receive projections from regions important to hydroelectrolytic balance, such as the A1 and A2 noradrenergic neurons, the SFO, and OVLT. Furthermore, the MnPO projections to the PVN promote the humoral and autonomic adjustments required to restore homeostasis. Thus, it is not unreasonable to suggest that the cardiovascular recovery induced by HS infusion after hemorrhagic shock could also depend on the integrity of others of these regions, such as the A1 and A2 noradrenergic groups. 
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Recently, we studied the participation of the A1 neuronal group in HS cardiovascular effects in hypovolemic rats. Our results demonstrate that A1-lesioned animals present cardiovascular recovery induced by HS similar to sham rats after hemorrhagic shock ( Fig. 2 ; Naves and Pedrino unpublished results). Such observations allow us to conclude that the A1 noradrenergic neurons alone are not crucial to cardiovascular recovery induced by HS infusion in hypovolemic animals. However, the participation of the A2 noradrenergic neurons in this process is still under investigation.
Chronic hyperosmotic challenges
It has been well established that high salt intake results in harmful effects to the organism, especially to the cardiovascular system. He et al. (2008) investigated the relationship between high salt intake and blood pressure levels in children and adolescents. The results demonstrated that there was a significant association between high salt intake and raised levels of systolic blood pressure and pulsatile pressure. The authors observed that an increase of 1 g/day in salt intake was related to an increase of 0.4 mm Hg in systolic and 0.6 mm Hg in pulsatile blood pressure. In experimental models, the addition of dietary salt has been associated with the development of exacerbated arterial hypertension. Dahl et al. (1963) reported that two-thirds of the rats fed a high salt diet presented with increased blood pressure. In these animals, raised levels of ABP were maintained even after the re-establishment of normal NaCl intake. It is suggested that this effect could be etiological, indicating the existence of a group of salt-sensitive animals.
Several studies have demonstrated that salt intake enhances SNA and ABP, even in normotensive salt-resistant animals (Appel et al. 2011 , Stocker et al. 2010 . In this sense, Simmonds et al. (2014) found evidence that dietary salt intake modulates the responsiveness of central autonomic circuits promoting functional changes in the regulation of SNA and ABP. These results indicate that the level of dietary NaCl was directly correlated to the magnitude of the SNA and ABP responses during activation of sciatic afferents, stimulation of aortic depressor nerve, activation of vagal nerve afferents, volume expansion, and increased NaCl concentration in the cerebrospinal fluid. Furthermore, consistent with a sensitization to the central autonomic pathways, a high NaCl diet promoted increased blood pressure variability (BPV) independent of changes in mean ABP (Simmonds et al. 2014) . Brooks et al. (2004) studied the hyperosmolality effects on the excitatory drive of the RVLM. In this study, the authors observed that the excitatory amino acids (EAA) driving the RVLM blockade, using kynurenic acid (KYN), did not promote changes in the cardiovascular parameters of water-replete rats; however, such a blockade promotes a great decrease of ABP in dehydrated animals, indicating that the EAA drive is increased in this case. Furthermore, the EAA drive of the RVLM is partially influenced by plasma osmolality once the depressor response of KYN into the RVLM is diminished after the re-establishment of osmolality in previously hypovolemic rats. In normovolemic animals receiving HS, the KYN did not promote immediate hypotension; however, such a response developed gradually after three hours. These results demonstrate that acute and chronic increases in plasma osmolality promote an increase of the EAA drive of the RVLM. Adams et al. (2007) showed that increased dietary salt exaggerates pressure responses induced by the RVLM. The study determined that the enhanced pressor responses were directly attributable to a greater increase in SNA, whereas these enhanced responses were balanced by a greater responsiveness of RVLM neurons to inhibitory input. In this study, the authors demonstrated that pharmacological stimulation or inhibition of the RVLM produced a significantly greater response (increase or decrease) in renal SNA, splanchnic SNA, and ABP in rats drinking NaCl for 14 days versus in rats drinking water. The enhanced SNA and ABP responses were not observed in rats drinking NaCl for 1 to 7 days but were present in animals under this treatment for 21 days, indicating its relationship to chronic salt intake. The withdrawal of a high NaCl diet re-established the baseline levels of these responses. These findings indicate that the potentiated ABP responses are dependent on a slowly developing and reversible form of neuronal plasticity. In this sense, Simmonds et al. (2014) demonstrated that, in animals submitted to different levels of dietary salt, the magnitude of SNA and ABP responses to electrical stimulation of sciatic afferents or intracerebroventricular infusion of NaCl were increased according to the level of salt intake. The authors observed that there was a direct correlation between the level of dietary salt intake and the sympathoinhibitory responses produced by acute volume expansion, stimulation of the aortic depressor nerve, or cervical vagal afferents. By contrast, sympathetic and blood pressure responses to chemoreflex activation produced by hypoxia or hypercapnia were not affected by increased sodium intake.
In addition, the authors observed that the ability of dietary salt intake to modulate cardiovascular effects is negatively affected by chronic lesions of the lamina terminalis, indicating that the integrity of this area is crucial to salt-induced responses. In this study, animals submitted to a high-salt diet presented with elevated BPV but normal levels of MAP. These findings indicate that dietary salt intake works through the forebrain hypothalamus to modulate various centrally mediated cardiovascular reflexes and increase BPV.
The neuronal plasticity induced by salt overload was also the focus of a study by Kim et al. (2011) , who observed that GABAa receptor-mediated transmission in the magnocellular neurosecretory cells of the PVN is inhibitory in almost 75 % of the neurons under resting conditions. However, for animals submitted to NaCl 2 % as a drinking supply for 7 days, the GABAa, postsynaptic potentials (PSPs), and currents (PSCs) of these cells were almost always excitatory. Such transmission becomes excitatory when there is a sustained demand for AVP and oxytocin secretion (Kim et al. 2011 , de Koninck 2007 .
Several studies in animal models (Brown et al. 2009 , Cook et al. 2007 , He and MacGregor 2009 demonstrated that, at present, high salt intake is directly related to increased morbidity of and mortality resulting from cardiovascular events. This increased salt intake promotes elevation of ABP, increasing the possibility of myocardial infarction, stroke, coronary revascularization, or cardiovascular death. In an epidemiological study, Costa et al. (2012) demonstrated that increased sodium intake promotes higher oxidative stress, inflammatory response, myocardial stretching and remodeling, and higher total mortality after myocardial infarction in human patients. Taken together, the studies reinforce the understanding of the potentially harmful effects of a high-salt diet on cardiovascular parameters.
As previously described, the negative cardiovascular effects of high salt intake in adult animals are well established in the literature. Furthermore, it is known that the perinatal period (pregnancy and lactation) is crucial to the organism's development throughout adulthood (Bao et al. 1995 , Barker 1997 , Li et al. 1995 , Vidonho et al. 2004 . However, little information exists regarding the post-natal period and its contributions to the organism's development. Recently, several researchers aimed to investigate the importance of hydromineral imbalance during the post-weaning period in the development of the organism to adulthood.
A study from Coelho et al. (2006) evaluated the effects of sodium restriction and sodium overload after rats were weaned. The authors observed that a high-salt diet promotes increased ABP; diminished body weight in adulthood; increased food intake, L-thyroxine concentration, and energy expenditure; lower non-fasting leptin; decreased plasma thyroid-stimulating hormone; and diminished plasma angiotensin II. In animals submitted to a low-salt diet, an increase in brown adipose tissue Ang II content was associated with decreased uncoupling protein 1 expression and energy expenditure. In this group, low angiotensin II content in white adipose tissue was also found. These results were from rats that were still under a high-, normal-, or low-sodium intake regimen. The authors concluded that chronic alteration in salt intake is associated with changes in body weight, food intake, hormonal profile, energy expenditure, and tissue angiotensin II content.
A recent study in our laboratory evaluated the effects of sodium overload during childhood on cardiovascular and behavioral parameters in adulthood. The study also sought to evaluate whether the sodium-overload effects were present even after withdrawing the high-sodium diet (Moreira et al. 2014) . The authors observed that animals submitted to high salt intake presented increased MAP and HR, diminished baroreflex sensitivity, lower body weight, diminished sodium, increased water-induced intake, and compromised cardiovascular responses induced by acute hypernatremia. The results indicated that sodiumoverload-induced modifications persist until adulthood, even after the withdrawal of a high-sodium diet.
Taken as a group, the studies demonstrated that chronic hyperosmolality or salt intake promotes increases in ABP and decreases in baroreflex sensitivity and alters the cardiovascular and autonomic responses to acute hyperosmolality. Such modifications can be transitory in adult animals but persist throughout adulthood when the hydromineral disturbance occurs during the early stages of life. Furthermore, sodium loading alters the sensitivity and/or activity of specific central nuclei involved in cardiovascular and autonomic control. Such effects can be determinants in the development of cardiovascular diseases. In fact, chronic high-salt intake has often been Vol. 66 related to hypertension, as demonstrated by several studies.
Osmotic transduction signals
As previously noted, several regions of the CNS are responsible for the detection of changes in plasma osmolarity and angiotensin concentration. The central osmoreceptors send this information to other regions of the CNS, especially to the MnPO and the PVN (Saper and Levisohn 1983 , Saper et al.1983 , Tucker et al. 1987 . Such regions promote necessary adjustments to sympathetic nerve activity and vasopressin/oxytocin secretion in order to restore the normal physiological state.
Several researchers have sought to determine how the peripheral and central osmoreceptors perceive changes in osmolarity (Bourque et al. 1994, Ciura and Bourque 2006) . Previous studies demonstrated that neurons from the SFO and OVLT are depolarized by increases in plasma sodium concentration and hyperpolarized by decreases in such parameters (Bourque et al. 1994) . Other studies have observed that variations in hypothalamic neuronal activity are associated with the glutamatergic postsynaptic potentials from the OVLT neurons (Bourque et al. 1994) . In fact, studies by Shi et al. (2008) demonstrated that the PVN-projecting OVLT neurons are activated following intracarotid hypertonic saline infusion. Such observations indicate that increased osmolarity stimulates both SFO and OVLT and that sending information to hypothalamic regions is dependent on glutamatergic neurotransmission, especially from the OVLT.
It has been demonstrated that the SON, another hypothalamic region, is also osmosensitive (Mason, 1980) and that hyperosmolarity of body fluids depolarizes the SON neurons independently of synaptic connections (Bourque 1989, Oliet and Bourque 1992) . However, the mechanisms whereby such regions are stimulated are still under investigation. In 1993, Oliet and Bourque determined that changes in body fluid osmolarity induce changes in cell volume. Such volume change modulates the activity of membrane mechanosensitive cation channels in an adequate way to modulate the membrane voltage and action potential discharge. Therefore, the SON neurons are stimulated by deformations of their membranes, with changes in permeability enabling the action potential generation.
More recently, Ciura and Bourque (2006) demonstrated that the murine neurons of the OVLT are intrinsically sensitive to extracellular fluid osmolarity increases. The authors observed that hypertonicity increases the membrane conductance to cations, resulting in the depolarization of osmoreceptor potential and enhancing the action potential discharge. Moreover, such a cascade of osmosensory transduction is dependent on the transient receptor potential vanilloid 1 (TRPV1), since in the absence of this receptor or after its blockage, the OVLT capacity to detect changes in osmolarity is lost. Thus, the OVLT neurons may act as first-order osmoreceptors, and a product of the TRPV1 genes may be crucial to the transduction of the osmosensory signals (Ciura and Bourque 2006). In summary, the central osmoreceptors are depolarized by changes in cell volume caused by plasma hyperosmolarity. Before today, it was widely known that the TRPV1 receptors are involved in the osmosensory processes. However, such processes are not completely understood.
Final considerations
The perception of changes in body fluid osmolarity and the adequate cardiovascular, autonomic, and behavioral adjustments are crucial to the maintenance of life. The sodium ion is one of the most important determinants of extracellular fluid osmolarity; therefore, the balance between its consumption and excretion is crucial to body fluid homeostasis. With its central importance to life, the osmosensory mechanism is a complex group of pathways that cooperate to produce hydroelectrolytic balance. However, the malfunction of even one of these mechanisms can be harmful to the organism and can trigger the development of cardiovascular diseases with several complications that, left untreated, can lead to death. Thus, understanding the functioning of the components involved in body fluid homeostasis is important in order to understand its malfunction and, it is hoped, to treat consequent disease processes and prevent death.
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